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RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR FY 87 

AND PLANS FOR FY 88 

SUMMARY 

The research program of the Materials Division is presented as FY 87 
accomplishments and FY 88 plans. The accomplishments for each Branch are 
highlighted and plans are outlined. Publications of the Division are included by 
Branch. This material will be useful in program coordination with other government 
organizations, universities, and industry in areas of mutual interest. 

ORGANIZATION 

The Langley Research Center is organized by directorates as shown in figure 1. 
Each directorate is organized into divisions and offices. The Materials Division of the 
Structures Directorate consists of four branches as shown in figure 2. This figure also 
shows the technical areas addressed by each Branch. The Division consists of 69 
NASA civil servants and 7 members of the Army Aero structures Directorate, 
USAARTA, Army Aviation Systems Command, located at the Langley Research 
Center. In addition, about 38 non-personal support contractors work at the Center to 
add major support to the in-house research program. 

FUNCTIONAL STATEMENT 

The Materials Division initiates, organizes, and conducts experimental and 
analytical research on structural materials and their application to aircraft and 
spacecraft structural systems (figure 3). More specifically the Division: 

- Conducts fundamental and applied research studies to develop novel 
polymeric, metallic, and ceramic materials for advanced structural applications. 

- Establishes materials processing and fabrication technology for structural 
components. 

- Demonstrates the application and benefits of advanced materials to specific 
flight vehicle structures. 

- Defines, evaluates, and conducts research on thermal protection materials 
requirements for high-speed aircraft and space transportation systems. 

• Studies the fatigue and fracture behavior of materials to establish practical 
methods for insuring the structural integrity of aircraft and space structures. 

- Characterizes the behavior of structural materials in extreme service 
environments using test facilities and laboratories for simulation of the flight 
environment. 

- Originates and develops requirements for new facilities and research 
techniques. 

- Operates the fatigue and fracture, structural materials, polymer, metallurgical, 
and environmental effects laboratories. 
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The long range research thrusts of the Materials Division are shown in figure 4. 

FACILITIES 

The Materials Division has four major facilities to support its research program. 

The Structures and Materials Laboratory houses various environmental effects labs 
and the metallurgical and metals processing labs. In the environmental effects labs, 
research is conducted to characterize and enhance the performance of structural 
materials operating in extreme service environments. Test techniques, 
instrumentation, and measurement techniques are developed to simulate 
environmental conditions required to evaluate high-temperature structural materials. 
The interaction of the space environment on properties of advanced composites, 
polymer films, and coatings for space systems is studied. Radiation and monoatomic 
oxygen damage in polymeric materials is studied and chemical formulations for 
enhanced long-term durability in space are identified. 

Fundamental and applied research on advanced metallic and metal-matrix 
materials is conducted in the metallurgical and metals processing labs. Innovative 
processing methods for new alloy synthesis and development and fabrication of 
metallic structural components for future aircraft and space vehicles, including high- 
temperature applications, are explored. Metallic components are analyzed and tested 
to demonstrate improvements in advanced metallic alloys and their fabrication 
processes. 

The Fatigue and Fracture Laboratory is used to conduct research on the structural 
integrity of metals and composites for aircraft structures. Tests are conducted to 
measure the effect of loads on materials under simulated flight conditions. Materials 
and methods of strength and life prediction for airframes are assessed to develop 
ways to improve the structural reliability of aircraft. 

Fundamental and applied research using advanced polymer synthesis, composites 
and adhesives processing science, and advanced characterization methodology to 
develop improved materials concepts for efficient aerospace structures are conducted 
in the Composites Processing Laboratory. Novel polymeric materials are synthesized 
for applications such as matrices for fiber-reinforced composites, adhesives for 
bonding lightweight composite and metal structures, and high-performance films for 
spacecraft. Innovative processing methods for fabricating composite components for 
aircraft and spacecraft structures are developed. 

Radiation testing of spacecraft materials is conducted in the Space Environmental 
Effects Laboratory. Spacecraft materials tested include polymeric and metal matrix 
composites, polymeric films, thermal control coatings, adhesives, solar cells, and laser 
mirrors. 
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In addition, the Materials Division is currently constructing a Carbon-Carbon 
Research Laboratory that is expected to be completed in July 1988. The Materials 
Division has expanded its research capability in carbon-carbon materials and this lab 
will house the processing equipment needed for fabricating carbon-carbon materials 
and for applying oxidation-protective coatings. 

FY 87 ACCOMPLISHMENTS 

Polymeric Materials Branch 

The Polymeric Materials Branch (figure 5) conducts fundamental and applied 
research studies combining the disciplines of advanced polymer synthesis, 
composites and adhesives processing science, and advanced characterization 
methodology to develop improved materials concepts for efficient aerospace 
structures. These research and development activities are aimed at achieving 
maximum structural exploitation of advanced composites and adhesives through 
development of balanced mechanical/physical properties with good processability. 
The five year plan for this research is shown in figure 6. 

The FY 87 accomplishments of the Polymeric Materials Branch are listed below 
and are highlighted in figures 7 through 11. 

High Performance Polymer Concepts 

- Polymer Technology Transfer 

- Preparation of Amide-lmide Polymers 

Composite Matrices 

- Crystallization in Thermoplastic Resins - LARC-TPI 

Composite Processing and Adhesive Bonding 

- LARC-TPI Composites Via New Slurry Process 

- The Effect of Diamic Acid Additives on the Processability of Polyimides 

Fatigue and Fracture Branch 

The Fatigue and Fracture Branch (figure 12) performs research on the integrity of 
materials for load-bearing structures of metals and composites. This research 
includes fatigue, fracture mechanics, and structural reliability. Equations and 
analytical methods are formulated to predict fatigue life and residual strength of 
damaged and undamaged materials. Design, construction, operation, and inspection 
methods applied to airframes are assessed to develop ways to improve the overall 
structural reliability of aircraft and spacecraft. The five year plan of the Branch is 
shown in figure 13. 
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The FY 87 accomplishments of the Fatigue and Fracture Branch are listed below 
and are highlighted in figures 14 through 25. 

Metals and Metal Matrix Composites 

- Fatigue Life of Material With a Machining Scratch 

- Three-Dimensional Analysis of Fatigue Crack Closure 

- Fiber-Matrix Separation in Silicon Carbide/Titanium Matrix Composites 

Composites 

- Delamination Fatigue Behavior of Composite Materials 

- Matrix Yielding at a Delamination Front 

- Interlaminar Shear Fatigue Thresholds For Composite Materials 

Computational Methodology 

- Calculation of Strain-Energy Release Rate Distribution Using Plate Analysis 

- Boundary Force Method For Analyzing Cracked Laminates 

- Strain Energy Release Rates for Edge-Delaminated Composite Laminates 

- Fiber-Resin Micromechanics Analysis of Delamination 

- Finite-Element Analysis of End Notched Flexure (ENF) Specimen 

- Finite-Element-Alternating Method for Crack Analyses 

Applied Materials Branch 

The Applied Materials Branch (figure 26) conducts research to characterize and 
enhance the performance of structural materials operating in extreme service 
environments. The Branch identifies mechanisms of environmental degradation and 
failure in structural materials, provides quantitative understanding of degradation 
mechanisms and evolves models to predict the rate or extent of degradation for 
various advanced structural materials. Theoretical and experimental studies which 
relate to the environmental performance of high-temperature materials for thermal 
protection systems and hot structures of advanced space transportation systems and 
hypersonic vehicles are conducted. The interaction of the space environment on 
properties of advanced composites, polymer films, and coatings of interest for space 
systems is studied. The five year research plan for the Branch is shown in figure 27. 

The FY 87 accomplishments of the Applied Materials Branch are listed below and 
are highlighted in figures 28 through 34. 

Space Materials 

- Development of Protective Coatings for Composite Tubes 

- A Comparison of the Effects of Simulated Low-Earth and Geosynchronous Orbit 
Exposure on Composite Materials 

- Thermally Induced Twist in Composite Tubes 
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Composite Materials for Rotorcraft and Aircraft Structures 

- Thermally Stable Graphite-Reinforced Aluminum Alloys 

- A Method of Predicting the Energy-Absorption Capability of Composite Subfloor 
Beams 

- Using Fundamental Spectroscopic Data to Explain Changes in Applied 
Properties of Irradiated Polymers 

- Innovative Fabrication of Composite Structures 

Metallic Materials Branch 

The Metallic Materials Branch (figure 35) conducts fundamental and applied 
research studies on advanced metallic and metal-matrix materials. The Branch 
performs research on advanced high-strength structural alloys and composites to 
achieve improved mechanical properties through understanding and control of 
microstructural features. A basic understanding of joining and forming processes for 
fabricating structural components from advanced metallic materials is developed and 
innovative processing methods for new alloy synthesis and development and 
fabrication of metallic structural components for future aircraft and space vehicles is 
explored. The five year research plan for the Branch is shown in figure 36. 

The FY 87 accomplishments for the Metallic Materials Branch are listed below 
and are highlighted in figures 37 through 42. 

Advanced Light Alloy and MMC Development 

- B 4 C Particulates Show Promise to Improve Properties in Aluminum Matrix 
Composites 

- Material Property Verification of LaRC Processed PM Aluminum Alloys 

- Improved Aging Characteristics by Minor Alloying Additions in Al-Li Alloys 

Innovative Metals Processing 

- Alleviation of Cavitation in Superplastically Formed 7475 Aluminum Alloy Using 
Post-Forming Pressure 

High Temperature Thin Gage Metals and MMC for Airframes 

- Emittance/Catalysis Coatings Improve Performance of Titanium-Aluminides 

- Liquid Interface Diffusion Bonding of Titanium Aluminides Shows Promise for 
Elevated Temperature Applications to 1700°F 
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PUBLICATIONS AND PRESENTATIONS 


The FY 87 accomplishments of the Materials Division are highlighted by a number 
of publications and presentations. These are listed by organization and are identified 
by the categories of formal NASA reports, quick-release technical memorandums, 
contractor reports, journal articles and other publications, meeting presentations, 
technical talks, tech briefs, and patents. 

DIVISION OFFICE 

Contractor Reports 

1. Jackson, A. C.; Balena, F. J.; LaBarge, W. L.; Pei, G.; Pitman, W. A.; and 

Wittlin, G.: Transport Composite Fuselage Technology - Impact Dynamics 
and Acoustic Transmission. (NAS1-17698 Lockheed-California Company) 
NASA CR-4035, December 1986. 

Journal Articles and Other Publications 

2. St. Clair, A. K.; St. Clair, T. L.; and Slemp, W. S.: Optically Transparent/Colorless 

Polyimides in Recent Advances in Polvimides Science and Technology , 
W. D. Weber and M. R. Gupta, eds., 1987, p. 16-36. 

Meeting Presentations 

3. Swann, R. T.; Stroud, C. W.; and Ohlhorst, C. W.: Predicting In-Flight Material 

Performance From Ground-Based Test Data. Presented at the NASA 
Workshop on Oxidation-Resistant Carbon-Carbon for Hypersonic Vehicle 
Applications, September 15-16, 1987, Hampton, Virginia. NASA CP 
pending. 

4. Tenney, D. R.; and Slemp, W. S.: Radiation Durability of Polymeric Spacecraft 

Materials. Presented at the American Chemical Society and Royal 
Australian Chemistry Institute Workshop on Radiation Effects on Polymeric 
Materials, August 16-19, 1987, Queensland, Australia. Proceedings 
pending. 

Technical Talks 

5. St. Clair, A. K.: Aerospace Applications for High Temperature Polyimides. 

Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties and Applications, January 19- 
22, 1987, Tokyo, Japan. 
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6. St. Clair, A. K.: Aerospace Applications for High Temperature Polyimides. 

Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties and Applications, May 7-9, 
1987, New Paltz, New York. 

7. St. Clair, A. K.: Soluble and Colorless Polyimides. Presented at the State 

University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties and Applications, May 7-9, 1987, New Paltz, New 
York. 

8. St. Clair, A. K.: Soluble and Colorless Polyimides. Presented at the State 

University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties and Applications, January 19-22, 1987, Tokyo, Japan. 

9. St. Clair, A. K.; and St. Clair, T. L.: Soluble and Colorless Polyimides. Presented 

at the Meeting of the Society of Polymer Science, Japan, January 22, 1987, 
Toyko, Japan. 

10. Tenney, D. R.: Composite Materials for Aerospace Structures. Presented at the 

Materials Research Society Annual Spring Meeting, April 21-24, 1987, 
Anaheim, California. 

11. Tenney, D. R.: Composite Program: NASA Langley Research Center. 

Presented at the VPI&SU, Virginia Department of Economic Development, 
et al., Composites in Virginia Workshop, September 28-29, 1987, 
Blacksburg, Virginia. 

Tech Briefs 

12. St. Clair, A. K.; and St. Clair, T. L.: Soluble Aromatic Polyimides for Film Coating 

Applications. NASA Tech Brief LAR-13700. 

13. St. Clair, A. K.; St. Clair, T. L.; Winfree, W. P.; and Emerson, B. R., Jr.; Method for 

Preparing Low Dielectric Polyimides. NASA Tech Brief LAR-13769. 

POLYMERIC MATERIALS BRANCH 
Quick-Release Technical Memorandums 

14. Johnston, N. J. ; and Hergenrother, P. M.: High Performance Thermoplastics: A 

Review of Neat Resin and Composite Properties. NASA TM-89104, 
February 1987. 

15. Progar, D. J.: Evaluation of Ti-6AI-4V Surface Treatments for Use With a 

Polyphenylquinoxaline Adhesive. NASA TM-89045, October 1986. 
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16. Progar, D. J.; and Pike, R. A.: Adhesive Evaluation of Water-Soluble LARC-TPI. 

NASA TM-891 52, June 1987. 

17. St. Clair, T. L.; and Progar, D. J.: Adhesive Evaluation of New Polyimides. NASA 

TM-891 40, April 1987. 

Contractor Reports 

18. Bascom, W. D.: Interfacial Adhesion of Carbon Fibers. (NASI -1791 8 Hercules, 

Inc.) NASA CR-1 78306, August 1987. 

19. Bascom, W. D.; and Drzal, L.T.: The Surface Properties of Carbon Fibers and 

Their Adhesion to Organic Polymers. (NASI -1791 8 Hercules, Inc.) NASA 
CR-4084, July 1987. 

Journal Articles and Other Publications 

20. Bass, R. G.; Cooper, E.; Hergenrother, P. M.; and Connell, J. W.: 

Poly(enonsulfides) From the Addition of Aromatic Dithiols to Aromatic 
Dipropynones. Journal of Polymer Science . Part A: Polymer Chemistry, 
Volume 25, 1987, p. 2395-2407. 

21. Burks, H. D.; Hou, T-H.; and St. Clair, T. L.: Characterization of Crystalline 

LARC-TPI Powder. SAMPE Quarterly . Volume 18, No. 1, October 1986, 

p. 1-8. 

22. Burks, H. D.; and St. Clair, T. L.: Siloxane-Modified Polyethersulfideimide. 

Journal of Applied Polymer Science . Volume 34, 1987, p. 351-357. 

23. Burks, H. D.; St. Clair, T. L.; and Progar, D. J.: Synthesis and Characterization of 

Copolyimides With Varying Flexibilizing Groups in Recent Advances in 
Polvimide Science and Technology . W. D. Weber and M. R. Gupta, eds., 
1987, p. 150-163. 

24. Connell, J. W.; Bass, R. G.; Sinsky, M. S.; Waldbauer, R. O.; and Hergenrother, 

P. M.: Polypyrazoles From Aromatic Dipropynones and Aromatic 
Dihydrazines. Journal of Polymer Science . Part A: Polymer Chemistry, 
Volume 25, 1987, p. 2531-2542. 

25. Egli, A. H.; and St. Clair, T. L.: Enhancement of Molecular Weight Build Up in 

Polyimides Using Ether Solvents in Recent Advances in Polvimide Science 
and Technology . W. D. Weber and M. R. Gupta, eds., 1987, p. 57-66. 
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26. Ezzell, S. A.; St. Clair, A. K.; and Hinkley, J. A.: Synthesis and Characterization 

of Elastomer-Modified Polyimide Films. Polymer . Volume 28, September 
1987, p. 1779-1786. 

27. Filbey, J. A.; Wightman, J. P.; and Progar, D. J.: Sodium Hydroxide Anodization 

of Ti-6AI-4V Adherends. The Journal of Adhesion . Volume 20, No. 4, 
1987, p. 283-291 . 

28. Harris, F. W.; Beltz, M. W.; and Hergenrother, P. M.: A New Readily Processable 

Polyimide. SAMPE Journal . Volume 23, No. 1, January/February 1987, 
p. 6-9. 

29. Hergenrother, P. M.: Heat-Resistant Polymers. Encyclopedia of Polymer 

Science and Engineering . Volume 7, Second Edition, 1987, p. 639-665. 

30. Hergenrother, P. M.: Recent Advances in High Temperature Polymers. Polymer 

Journal . Volume 19, 1987, p. 73-83. 

31. Hergenrother, P. M.; Wakelyn, N. T.; and Havens, S. J.: Polyimides Containing 

Carbonyl and Ether Connecting Groups. Journal of Polymer Science . Part A: 
Polymer Chemistry, Volume 25, 1987, p. 1 093-1 1 03. 

32. Hinkley, J. A.: Small Compact Tension Specimens for Polymer Toughness 

Screening. Journal of Applied Polymer Science . Volume 32, No. 6, 
November 5, 1986, p. 5653-5655. 

33. Hou, T-H.; Bai, J-M.; and St. Clair, T. L.: A DSC Study on Crystalline LARC-TPI 

Powder - A New Version With Higher Initial Molecular Weight. SAMPE 
Quarterly . Volume 18, No. 4, July 1987, p. 20-24. 

34. Johnston, N. J.; and St. Clair, T. L.: Thermoplastic Matrix Composites: LARC- 

TPI, Polyimidesulfone and Their Blends. SAMPE Journal . Volume 23, 
No. 1, January/February, p. 12-20. 

35. Maudgal, S.; and St. Clair, T. L.: Siloxane Containing Polyimides With Improved 

Processability in Recent Adva nces in Pol yimide Science and Technology . 
W. D. Weber and M. R. Gupta, eds., 1987, p. 37-56. 

36. Progar, D. J.: Evaluation of Polyimide Films as Adhesives. Journal of Adhesion 

Science and Technology . Volume 1, No. 1, 1987, p. 53-68. 

37. Progar, D. J.: Evaluation of Ti-6AI-4V Surface Treatments for Use With a 

Polyphenylquinoxaline Adhesive. Journal of Adhesion Science and 
Technology . Volume 1, No. 2, 1987, p.135-144. 
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38. Progar, D. J.; and St. Clair, T. L.: A Thermoplastic Copolyimide in Recent 

Advances in Polvimide Science and Technology . W. D. Weber and M. R. 
Gupta, eds., 1987, p. 139-149. 

39. Progar, D. J.; and St. Clair, T. L.: Flexibilized Copolyimide Adhesives. The 

Journal of Adhesion . Volume 21, 1987, p.35-57. 

40. St. Clair, T. L.: Matrix Resin Development at NASA Langley Research Center in 

High Temperature Polymer Matrix. Composites . Tito T. Serafini, ed., 1987, 
p. 35-53. 

41. Stoakley, D. M.; Shilady, D. D.; Vallarino, L. M.; Gootee, W. A.; and Smailes, 

D. L.: Selected Spectroscopic and Magnetic Properties of Lanthanide 
Complexes in Polyimide XU-218 in Recent Advances in Polyimide Science 
and Technology . W. D. Weber and M. R. Gupta, eds., 1987, p. 417-427. 

42. Stoakley, D. M.; and St. Clair, A. K.: Lanthanide-Containing Polyimides in 

Recent Advances in Polvimides Science and Technology . W. D. Weber 
and M. R. Gupta, eds., 1987, p. 471-479. 

Meeting Presentations 

43. Dominek, A.; Shamansky, H.; Burkholder, R.; Wood, R.; Hodges, W. T.: A 

Method of Evaluating Conductive Coatings for RCS Models. Presented at 
the 9th Annual Meeting and Symposium of the Antenna Measurements 
Techniques Association, September 2 - October 1, 1987, Seattle, 
Washington. 

44 . Egli, A. H.; King, L. L.; and St. Clair, T. L.: Semi-Interpenetrating Networks of 

LARC-TPI. Presented at the 18th National SAMPE Technical Conference, 
October 7-9, 1986, Seattle, Washington. In Proceedings, Volume 18, 
p. 440-453. 

45. Harris, F. W.; Beltz, M. W.; and Hergenrother, P. M.; A New Readily Processable 

Polyimide. Presented at the 18th National SAMPE Technical Conference, 
October 7-9, 1986, Seattle, Washington. In Proceedings, Volume 18, 
p. 209-219. 

46 . Hergenrother, P. M.; Havens, S. J.; and Jensen, B. J.: New Polyarylene Ethers. 

Presented at the 18th National SAMPE Technical Conference, October 7-9, 
1986, Seattle, Washington. In Proceedings, Volume 18, p. 454-465. 
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47. Hergenrother, P. M.; Wakelyn, N. T.; and Havens, S. J.: Polyimides Containing 

Carbonyl and Ether Connecting Groups. Presented at the 193rd National 
Meeting of the American Chemical Society, April 5-10, 1987, Denver, 
Colorado. In Polymer Preprints, Volume 28, No. 1 , p. 92-94. 

48. Johnston, N. J.; and Hergenrother, P. M.: High Performance Thermoplastics: A 

Review of Neat Resin and Composite Properties. Presented at the 32nd 
International SAMPE Symposium and Exhibition, April 6-9, 1987, Anaheim, 
California. In SAMPE Preprint, Volume 32, p. 1400-1412. 

49. Johnston, N. J.; and St. Clair, T. L.: Thermoplastic Matrix Composites: LARC- 

TPI, Polyimide-Sulfone and Their Blends. Presented at the 18th National 
SAMPE Technical Conference, October 7-9, 1986, Seattle, Washington. 
In Proceedings, Volume 18, p. 53-67. 

50. Pater, R. H.; Morgan, C.; Chang, A. C.; and Whitley, K. S.: Crosslinking-Property 

Relationships in PMR Polyimide Composites. I. 288°C Thermo-Oxidative 
Stability. Presented at the Society of Plastics Engineers 1987 Annual 
Technical Conference, May 4-7, 1987, Los Angeles, California. SPE 
Paper No. 466. In Proceedings, p.1450-1453. 

51. Pratt, J. R.; St. Clair, T. L.; Burks, H. D.; and Stoakley, D. M.: Polyimide 

Processing Additives. Presented at the 32nd International SAMPE 
Symposium and Exhibition, April 6-9, 1987, Anaheim, California. In 
SAMPE Preprint, Volume 32, p. 1036-1050. 

52. St. Clair, T. L.; Burks, H. D.; Wakelyn, N. T.; and Hou, T-H.: Characterization of 

Crystalline Polyimide LARC-TPI. Presented at the 193rd National Meeting 
of the American Chemical Society, April 5-10, 1987, Denver, Colorado. In 
Polymer Preprints, Volume 28, No. 1, p. 90-91. 

53. Young, P. R.; and Chang, A. C.: Cure Study of Soluble Aromatic Polyimide 

Films. Presented at the 32nd International SAMPE Symposium and 
Exhibition, April 6-9, 1987, Anaheim, California. In SAMPE Preprint, 
Volume 32, p. 1051-1062. 

Technical Talks 

54. Bascom, W. D.; Cordner, L. W.; Hinkley, J. A.; and Johnston, N. J.: Determination 

of Carbon Fiber Adhesion to Thermoplastic Polymers Using the Single Fiber 
Matrix Matrix Tensile Test. Presented at the American Society for 
Composites First Technical Conference, October 7-9, 1986, Dayton, Ohio. 
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55. Bass, R. G.; Andrews, S. M.; and Hergenrother, P. M.: High Performance 

Polymers From the Reaction of Aromatic Dinucleophiles, Aromatic 
Dipropynones, and Aromatic Bis (Propynoic Esters) . Presented at the 
American Chemical Society Division of Polymer Chemistry Interdisciplinary 
Symposium on Recent Advances in Polyimides and Other High 
Performance Polymers, July 13-16, 1987, Reno, Nevada. 

56. Baucom, R. M.: Processing of High Performance Composites. Presented at the 

SAMPE Old Dominion Chapter Seminar on An Introduction to High 
Performance Composites, May 7, 1987, Williamsburg, Virginia. 

57. Dezern, J. F.: Synthesis and Characterization of BTDA Based Polyamide-imides. 

Presented at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-16, 1987, Reno, Nevada. 

58. Hergenrother, P. M.: Advances in Polymer Matrices for Composites. Presented 

at the Gordon Research Conference on Polymers, June 29 - July 3, 1987, 
New London, New Hampshire. 

59. Hergenrother, P. M.: High Performance Organic Adhesives. Presented at the 

Adhesion Science Review at Virginia Polytechnic Institute and State 
University, May 3-6, 1987, Blacksburg, Virginia. 

60. Hergenrother, P. M.: High Performance Thermoplastics. Presented at the Air 

Force Fourth Industry/Government Review of Thermoplastic Matrix 
Composites, February 9-12, 1987, San Diego, California. 

61. Hergenrother, P. M.: High Temperature Organic Adhesives and Composites. 

Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties, and Applications, 

January 19-22, 1987, Tokyo, Japan. 

62. Hergenrother, P. M.: High Temperature Organic Adhesives. Presented at the 

1987 Plastic Institute of America (PIA) Course on Advances in Adhesion 
Science and Adhesives, September 28-30, 1987, Boston, Massachusetts. 

63. Hergenrother, P. M.: Matrix Chemistry on High Performance Composites. 

Presented at the SAMPE Old Dominion Chapter Seminar on An Introduction 
to High Performance Composites, May 7, 1987, Williamsburg, Virginia. 

64. Hergenrother, P. M.: Other High Performance Heterocyclic Polymers. 

Presented at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-16, 1987, Reno, Nevada. 
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65. Hergenrother, P. M.: Other High Temperature Thermoplastics. Presented at the 

State University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties, and Applications, January 19-22, 1987, Tokyo, 
Japan. 

66. Hergenrother, P. M.; and Havens, S. J.: New High Temperature Polyimide 

Adhesives. Presented at the 1987 Tenth International Meeting of the 
Adhesion Society, February 22-27, 1987, Williamsburg, Virginia. 

67. Hergenrother, P. M.; and Havens, S. J.: New Semi-Crystalline Polyimides. 

Presented at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-16, 1987, Reno, Nevada. 

68. Hergenrother, P. M.: Polyarylene Ethers. Presented at the Division of Polymer 

Chemistry, Inc., 13th Biennial Polymer Symposium, November 23-26, 1986, 
Boca Raton, Florida. 

69. Hinkley, J. A.: Fibers and Interfaces in High Performance Composites. 

Presented at the SAMPE Old Dominion Chapter Seminar on An Introduction 
to High Performance Composites, May 7, 1987, Williamsburg, Virginia. 

70. Jensen, B. J.; Hergenrother, P. M.; and Havens. S. J.: Poly(Arylene Ethers) 

Containing 9,9-Diphenylfluorene. Presented at the American Chemical 
Society Division of Polymer Chemistry Interdisciplinary Symposium on 
Recent Advances in Polyimides and Other High Performance Polymers, 
July 13-16, 1987, Reno, Nevada. 

71. Johnston, N. J.: High Performance Composites: Matrix Property-Composite 

Property Relationships. Presented at the Sixth International Conference on 
Composite Materials (ICCM), July 20-24, 1987, London, England. 

72. Johnston, N. J.: High Performance Composites Part A: Introduction to 

Composites Part B: Resin Property-Composite Property Relationships. 
Presented at the State University of New York at New Paltz Short Course on 
Principles of High Performance Composites, October 15-17, 1986, Lake 
Mohonk, New York. 

73. Johnston, N. J.: Introduction to High Performance Composites. Presented at the 

SAMPE Old Dominion Chapter Seminar on An Introduction to High 
Performance Composites, May 7, 1987, Williamsburg, Virginia. 
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74. Johnston, N. J.: Polyimides in Aerospace Structural Applications. Presented at 

the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-16, 1987, Reno, Nevada. 

75. Johnston, N. J.: Recent Composites Work on NASA Langley's Thermoplastic 

Polyimides. Presented at the Air Force Fourth Industry/Government Review 
of Thermoplastic Matrix Composites, February 9-12, 1987, San Diego, 
California. 

76. Johnston, N. J.: Resin Property-Composite Property Relationships. Presented at 

the SAMPE Old Dominion Chapter Seminar on An Introduction to High 
Performance Composites, May 7, 1987, Williamsburg, Virginia. 

77. Johnston, N. J.: Thermoset and Thermoplastic Composites: Room for Both? 

Presented at the Gordon Research Conference on Thermoset Polymers, 
June 22-26, 1987, New London, New Hampshire. 

78. Johnston, N. J.; and St. Clair, T. L.: Thermoplastic Matrix Composites: LARC-TPI, 

Polyimide-Sulfone and Their Blends. Presented at the Aerojet-General 
Composites and Advanced Materials Seminar, December 16-17, 1986, 
Sacramento, California. 

79. Pater, R. H.: Dynamic Mechanical Characterization of High Temperature PMR 

Polyimides and Composites. Presented at the Michigan State University 
Dynamic Mechanical Characterization of Polymer Composites Symposium, 
July 13-14, 1987, East Lansing, Michigan. 

80. Pater, R. H.: The Effects of Crosslinking on Physical and Mechanical Properties 

in PMR Polyimide Composites. Presented at the High Temple Workshop VII, 
January 26-30, 1987, Sacramento, California. 

81. Progar, D. J.; and Pike, R. A.: Adhesive Evaluation of Water-Soluble LARC-TPI. 

Presented at the Gordon Research Conference on the Science of Adhesion, 
August 17-21, 1987, New Hampton, New Hampshire. 

82. Schwartz, W. T.; Sojka, S. A.; Wolfe, R. A.; St. Clair, T. L.; and Pratt, J. R.: 

13cNMR Correlations of Aromatic Ether Anhydrides and Imides. Presented 
at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-16, 1987, Reno, Nevada. 
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83. St. Clair, T. L.: Crystalline Polyimide Adhesives. Presented at the Gordon 

Research Conference on the Science of Adhesion, August 17-21, 1987, 
New Hampton, New Hampshire. 

84. St. Clair, T. L.: Crystallinity in LARC-TPI. Presented at the University of 

Connecticut Seminar Series on Materials, August 14, 1987, Storrs, 

Connecticut. 

85. St. Clair, T. L.: Developments in Polyimides. Presented at the American 

Chemical Society Younger Chemist Committee's Emerging Technologies 
Symposium, April 6, 1987, Denver, Colorado. 

86. St. Clair, T. L.: Linear Aromatic Polyimides. Presented at the State University of 

New York Short Course on High Temperature Polymers: Synthesis, 
Properties, and Applications, May 7-9, 1987, New Paltz, New York. 

87. St. Clair, T. L.: Linear Thermoplastic Polyimides, Part I. Presented at the State 

University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties, and Applications, January 19-22, 1987, Tokyo, 
Japan. 

88. St. Clair, T. L.: Linear Thermoplastic Polyimides, Part II. Presented at the 

State University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties, and Applications, January 19-22, 1987, Tokyo, 
Japan. 

89. St. Clair, T. L.: NASA Langley Thermoplastic Matrix Program. Presented at the 

Air Force Fourth Industry/Government Review of Thermoplastic Matrix 
Composites, February 9-12, 1987, San Diego, California. 

90. St. Clair, T. L.: Polymeric Materials Research at LaRC. Presented at the First 

Annual Meeting of the Society of Polymer Science, Japan, January 20, 
1987, Tokyo, Japan. 

91. St. Clair, T. L.: Semi-Interpenetrating Polyimide Networks. Presented at the 

State University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties, and Applications, May 7-9, 1987, New Paltz, New 
York. 

92. St. Clair, T. L.: Semi-Interpenetrating Polymer Network of Polyimides. 

Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties, and Applications, 

January 19-22, 1987, Tokyo, Japan. 
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93. St. Clair, T. L.: Semi-Interpenetrating Polyimide Networks. Presented at the 

American Chemical Society Division of Polymer Chemistry Interdisciplinary 
Symposium on Recent Advances in Polyimides and Other High 
Performance Polymers, July 13-16, 1987, Reno, Nevada. 

94. St. Clair, T. L.: Structure-Property Relationships in Polyimides. Presented at the 

American Chemical Society Division of Polymer Chemistry Interdisciplinary 
Symposium on Recent Advances in Polyimides and Other High 
Performance Polymers, July 13-16, 1987, Reno, Nevada. 

Tech Briefs 

95. Baucom, R. M.; Johnston, N. J.; St. Clair, T. L.; Nelson, J. B.; Gleason, J. R.; and 

Proctor, K. M.: Preparation of Processable Aromatic Polyimide 

Thermoplastic Blends. NASA Tech Brief LAR-13695. 

96. Delano, C. B.; and Kiskiras, C. J. {Acurex Corporation): Polyimides From BTDA, 

m-PDA, and HDA. NASA Tech Brief LAR- 13635. 

97. Hergenrother, P. M. (LaRC); Connell, J. W. (VCU); and Havens, S. J. (PRC 

Kentron, Inc.) : Acetylene-Terminated Aspartimides and Derived Resins. 
NASA Tech Brief LAR-13730. 

98. Hergenrother, P. M. (LaRC); and Harris, F. W.; and Beltz, M. W. (University of 

Akron): A New, Readily Processable Polyimide. NASA Tech Brief LAR- 
13675. 

99. St. Clair, T. L.: Process for Developing Crystallinity in Linear Aromatic 

Polyimides. NASA Tech Brief LAR-13732. 

100. St. Clair, T. L.; Burks, H. D.; and Stoakley, D. M. (LaRC); and Pratt, J. R. 

(PRC Kentron, Inc.): Polyimide Processing Additives. NASA Tech Brief 
LAR-13669. 

101. St. Clair, T. L.; and Singh, J. J. (LaRC); and Pratt, J. R. (PRC Kentron, Inc.): 

Polyimide Processing Additives for Lowering Free Volume and Moisture 
Pickup. NASA Tech Brief LAR-13679. 

102. Stoakley, D. M.; St. Clair, A. K.; and Little, B. D.: Tensile Film Clamps and 

Mounting Block for Viscoelastomers. NASA Tech Brief LAR-13696. 
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Patents 


103. Bell, V. L.; and Havens, S. J.: Process for Crosslinking and Extending 

Conjugated Diene-Containing Polymers. U.S. Patent 4,661,558. Issued 
April 28, 1987. 

104. Egli, A. H.; and St. Clair, T. L.: Semi-2-lnterpenetrating Polymer of High 

Temperature Polymer Systems. U.S. Patent 4,695,610. Issued September 
22,1987. 

105. Hergenrother, P. M.; Bass, R. G.; Connell, J. W.; and Sinsky, M. S.: 

Polyenamines From Aromatic Diacetylenic Diketones and Diamines. U.S. 
Patent 4,663,483. Issued May 5, 1987. 

106. Hergenrother, P. M.; and Havens, S. J.; Ethynyl Terminated Ester Oligomers and 

Polymers Therefrom. U. S. Patent 4,638,083. Issued January 20, 1987. 

107. Hergenrother, P. M.; and Jensen, B. J.: 5-(4-Ethynylphenoxy)lsopthaloyl 

Chloride. U.S. Patent 4,622,182. Issued November 11, 1986. 

108. St. Clair, T. L.; and Maudgal, S. S.: Acetylene (Ethynyle) Terminated Polyimide 

Siloxan and Process for Preparation Thereof. U.S. Patent 4,624,888. 
Issued November 25, 1986. 

FATIGUE AND FRACTURE BRANCH 

Quick-Release Technical Memorandums 

109. Crews, J. H., Jr.; and Naik, R. A.: Bearing-Bypass Loading on Bolted Composite 

Joints. NASA TM-89153, May 1987. 

110. Crews, J. H., Jr.; Shivakumar, K. N.; and Raju, I. S.: Factors Influencing Elastic 

Stresses in Double Cantilever Beam Specimens. NASA TM-89033, 
November 1986. 

111. Johnson, W. S.: Fatigue Damage Accumulation in Various Metal Matrix 

Composites. NASA TM-891 16, March 1987. 

1 12. Johnson, W. S.: Impact and Residual Fatigue Behavior of ARALL and AS6/5245 

Composite Materials. NASA TM-89013, October 1986. 

113. Johnson, W. S.; and Bigelow, C. A.; Elastic-Plastic Stress Concentrations 

Around Crack-Like Notches in Continuous Fiber Reinforced Metal Matrix 
Composites. NASA TM-89093, February 1987. 
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1 14. O'Brien, T. K.; Murri, G. B.; and Salpekar, S. A.: Interlaminar Shear Fracture 

Toughness and Fatigue Thesholds for Composite Materials. NASA TM- 
89157, AVSCOM TM 87-B-9, August 1987. 

115. Poe, C. C., Jr.: A Parametric Study of Fracture Toughness of Fibrous Composite 

Materials. NASA TM-89100, February 1987. 

116. Poe, C. C., Jr.; and lllg, W.: Strength of a Thick Graphite/Epoxy Rocket Motor 

Case After Impact by a Blunt Object. NASA TM-89099, February 1987. 

117. Raju, I. S.; Crews, J. H., Jr.; and Aminpour, M. A.: Convergence of Strain Energy 

Release Rate Components for Edge-Delaminated Composite Laminates. 
NASA TM-89135, April 1987. 

118. Raju, I. S.; and Newman, J. C., Jr.: Finite-Element Analysis of Corner Cracks in 

Rectangular Bars. NASA TM-89070, June 1987. 

119. Shivakumar, K. N.; and Crews, J. H., Jr.: Energy Dissipation Associated With 

Crack Extension in an Elastic-Plastic Material. NASA TM-89032, January 
1987. 

120 . Tan, P. W.; Raju, I. S.; and Newman, J. C., Jr.: Stress-Intensity Factor 

Calculations Using the Boundary Force Method. NASA TM-89158, June 
1987. 

121. Whitcomb, J. D.; and Shivakumar, K. N.: Strain-Energy Release Rate Analysis of 

a Laminate With a Postbuckled Delamination. NASA TM-89091 , February 
1987. 

Contractor Reports 

122. Joseph, P. F.; and Erdogan, F.: Plates and Shells Containing a Surface Crack 

Under General Loading Conditions. (NAG1-713 Lehigh University). NASA 
CR-1 78328, July 1987. 

123. Raju, I. S.: Q3DG - A Computer Program for Strain-Energy-Release Rates for 

Delamination Growth in Composite Laminates. (NASI -17808 Analytical 
Services and Materials, Inc.) NASA CR-1 78205, November 1986. 

124. Raju, I. S.: Simple Formulas for Strain-Energy-Release Rates With Higher Order 

and Singular Finite Elements. (NASI -17808 and NASI -18256 Analytical 
Services and Materials, Inc.) NASA CR-1 781 86, December 1986. 
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125. Wu, B-H; and Erdogan, F.: The Surface Crack Problem in an Orthotropic Plate 

Under Bending and Tension. (NGR 39-007-01 1 Lehigh University) NASA 
CR-1 78281, April 1987. 

Journal Articles and Other Publications 

126. Bigelow, C. A.: Parametric Study of Stress-Intensity Factors in Bonded 

Composite Stripger Panels. Journal of Engineering Material and 
Technology , Volume 109, No. 1, January 1987, p. 36-39. 

127. Johnson, W. S.: MEVAL MATRIX COMPOSITES: Their Time to Shine? ASTM 

Standardization ^Jews . Volume 15, No. 10, 1987, p. 36-39. 

i 

128. Johnson, W. S.; and Mangalgiri, P. D.: Influence of the Resin on Interlaminar 

Mixed-Mode Fracture. Toughened Composites . ASTM STP 937, 1987, 
p. 295-315. 

129. Johnson, W. S.; and Mangalgiri, P. D.: Investigation of Fiber Bridging in Double 

Cantilever Beam Specimens. Journal of Composite Technology and 
Research . Volume 9, No. 1, Spring 1987, p. 10-13. 

130. Kelkar, A.; Elber, W.; and Raju, I. S.: Large Deflection Behavior of Circular 

Quasi-Isotropic Laminates Under Point Loading. AIAA Journal . Volume 
25, No. 1, January 1987, p. 99-106. 

131. Liechti, K.; Johnson, W. S.; and Dillard, D. A.: Experimentally Determined 

Strength of Adhesively Bonded Joints in Joining Fibre-Reinforced 
Plastics . Chapter 4, F. L. Matthews, ed., Elsevier Applied Science, 
1987, p. 105-183. 

132. Mangalgiri, P. D.; Johnson, W. S.; and Everett, R. A., Jr.: Effect of Adherend 

Thickness and Mixed Mode Loading on Debond Growth in Adhesively 
Bonded Composite Joints. The Journal of Adhesion . Volume 23, 1987, 
p. 263-288. 

133. O'Brien, T. K.: Generic Aspects of Delamination in Fatigue of Composite 

Materials. Journal of the American Helicopter Society . Volume 32, No. 1, 
January 1987, p. 13-18. 

134. Shivakumar, K. N.; and Crews, J. H., Jr.: Energy Dissipation Associated With 

Crack Extension in an Elastic-Plastic Material. Engineering Fracture 
Mechanics . Volume 28, No. 3, 1987, p.319-330. 
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Meeting Presentations 

135. Crews, J. H., Jr.; and Naik, R. A.: Bearing-Bypass Loading on Bolted Composite 

Joints. Presented at the AGARD Structures and Materials Panel Specialists' 
Meeting on Behaviour and Analysis of Mechanically Fastened Joints in 
Composite Structures, April 27-29, 1987, Madrid, Spain. 

136. Everett, R. A., Jr.: Review of Fatigue and Fracture Research at NASA Langley 

Research Center. Presented at the 1987 NASA/Army Rotorcraft Technology 
Conference, March 17-19, 1987, Moffett Field, California. NASA CP 
pending. 

137. Johnson, W. S.: Impact and Residual Fatigue Behavior of ARALL and AS6/5245 

Composite Material. Presented at the 1986 ASME Winter Annual Meeting, 
December 7-12, 1986, Anaheim, California. Proceedingspending. 

138. Johnson, W. S.: Prediction of Laminate Properties and Usage Limits for 

Advanced Metal Matrix Composites Considered for NASP Applications. 
Presented at the Third National Aero-Space Plane Technology Symposium, 
June 2-4, 1987, Moffett Field, California. NASA CP-3019, Volume IV, 
p. 141-159. 

139. Newman, J. C., Jr.; Phillips, E. P.; and Swain, M. H.: Predicting the Growth of 

Small and Large Cracks Using a Crack-Closure Model. Presented at the 
Chinese Societies of Metals, Aeronautics and Astronautics, and Mechanics 
Fifth International Conference on Mechanical Behaviour of Materials, 
June 3-6, 1987, Beijing, China. In Proceedings, Volume 1, p. 51-60. 

140. O’Brien, T. K.: Delamination Durability of Composite Materials for Rotorcraft. 

Presented at the 1987 NASA/Army Rotorcraft Technology Conference, 
March 17-19, 1987, Moffett Field, California. NASA CP pending. 

141. O'Brien, T. K.: Fatigue Delamination Behavior of PEEK Thermoplastic 

Composite Laminates. Presented at the American Society for Composites 
First Conference on Composite Materials, October 7-9, 1986, Dayton, 
Ohio. In Proceedings, p. 404-420. 

142. Poe, C. C., Jr.: A Parametric Study of Fracture Toughness of Fibrous Composite 

Materials. Presented at the ASME Sixth International Symposium on 
Offshore Mechanics and Arctic Engineering (OMAE) , March 1-5, 1987, 
Houston, Texas. ASME Paper No. OMAE-87-602. In Proceedings, 
Volume III, p. 15-24. 
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143. Poe, C. C., Jr.; and lllg, W.: Tensile Strength of a Thick Graphite/Epoxy Rocket 

Motor Case After Impact by a Blunt Object. Presented at the 1987 
NASA/JANNAF Composite Motor Case Subcommittee Technical Exchange 
Meeting, February 23-27, 1987, Hampton, Virginia. In CPIA Publication 
460, p. 179-202. 

144. Raju, I. S.; Shivakumar, K. N.; and Crews, J. H., Jr.: Three-Dimensional Stress 

Analysis of a Composite Double Cantilever Beam Specimen. Presented at 
the AIAA/ASME, et al., 28th Structures, Structural Dynamics and 
Materials Conference, April 6-8, 1987, Monterey, California. AIAA Paper 
No. 87-0864-CP. 

145. Tan, P. W.; and Bigelow, C. A.: Analysis of Cracked Laminates With Holes 

Using the Boundary Force Method. Presented at the AIAA/ASME, et al., 
28th Structures, Structural Dynamics and Materials Conference, April 6-8, 
1987, Monterey, California. AIAA Paper No. 87-0862-CP. 

146. Tan, P. W.; Raju, I. S.; and Newman, J. C., Jr.: Boundary Force Method Analysis 

of Notched Plates With Cracks. Presented at the International Union of 
Theoretical and Applied Mechanics Symposium on Advanced Boundary 
Element Methods, April 13-16, 1987, San Antonio, Texas. Proceedings 
pending. 

147. Whitcomb, J. D.; and Shivakumar, K. N.: Strain-Energy Release Rate Analysis 

of a Laminate With a Postbuckled Delamination. Presented at the Fourth 
International Conference on Numerical Methods in Fracture Mechanics, 
March 23-27, 1987, San Antonio, Texas. In Proceedings, p. 581-605. 

Technical Talks 

148. Guynn, E. G.; Bradley, W. L.; and Elber, W.: Micromechanics of Compression 

Failures in Composite Laminates. Presented at the ASTM Second 
Symposium on Composite Materials: Fatigue and Fracture, April 27-28, 
1987, Cincinnati, Ohio. 

149. Johnson, W. S.: Fatigue of Metal Matrix Composites. Presented at the Fourth 

Annual Review of Research and Educational Activities of the Center for 
Composite Materials and Structures, May 11-13, 1987, Blacksburg, 
Virginia. 

150. Johnson, W. S.; and Bigelow, C. A.: Elastic-Plastic Stress Concentrations 

Around Notches in Continuous Fiber-Reinforced Metal-Matrix Composites. 
Presented at the ASTM Second Symposium on Test Methods and Design 
Allowables for Fiber Composites, November 3-4, 1986, Phoenix, Arizona. 
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151. Johnson, W. S.; Mangalgiri, P. D.; and Everett, R. A., Jr.: Effect of Adherend 

Thickness and Mixed Mode Loading on Debond Growth in Adhesively 
Bonded Composite Joints. Presented at the 1987 Tenth International 
Meeting of the Adhesion Society, February 22-27, 1987, Williamsburg, 
Virginia. 

152. Newman, J. C.,Jr.: Analytical Modeling of Fatigue-Crack Growth. Presented at 

the University of Virginia, National Science Foundation, et al., Third 
International Conference on Fatigue and Fracture Threshold, June 28- 
July 3, 1987, Charlottesville, Virginia. 

153. O'Brien, T. K.: Test and Evaluation Methods for High Performance Composites. 

Presented at the SAMPE Old Dominion Chapter Seminar on An Introduction 
to High Performance Composites, May 7, 1987, Williamsburg, Virginia. 

154. O'Brien, T. K.; Murri, G. B.; and Salpekar, S. A.: Interlaminar Shear Fracture 

Toughness and Fatigue Thresholds for Composite Materials. Presented at 
the ASTM Second Symposium on Composite Materials: Fatigue and 

Fracture, April 27-28, 1987, Cincinnati, Ohio. 

155. Poe, C. C., Jr.: Application of Fracture Mechanics to Impact Damage in Thick 

Walled Pressure Vessels. Presented at the 1986 Winter Annual Meeting, 
December 7-12, 1986, Anaheim, California. 

156. Poe, C. C., Jr.: Fracture of Boron/Aluminum Laminates With Various Proportions 

of 0° and 45° Plies. Presented at the 1986 ASME Winter Annual Meeting, 
December 7-12, 1986, Anaheim, California. 

1 57. Poe, C. C., Jr.; and lllg, W.: Effect of Impacts by a Blunt Object on Strength of a 

Thick Graphite/Epoxy Rocket Motor Case. Presented at the ASTM Second 
Symposium on Test Methods and Design Allowables for Fiber Composites, 
November 3-4, 1986, Phoenix, Arizona. 

158. Raju, I. S.; Atluri, S. N.; and Newman, J. C., Jr.: Stress-Intensity Factors for 

Small Surface and Corner Cracks. Presented at the 20th National 
Symposium on Fracture Mechanics: Perspectives and Directions, June 23 
-25, 1987, Bethlehem, Pennsylvania. 

159. Raju, I. S.; Crews, J. H., Jr.; and Aminpour, M. A.: Strain-Energy Release Rate 

Analyses of Edge Delaminated Composites. Presented at the Fourth 
International Conference on Numerical Methods in Fracture Mechanics, 
March 23-27, 1987, San Antonio, Texas. 
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160. Shivakumar, K. N.; and Newman, J. C., Jr.: Numerical Fracture Simulation of 

Bend Specimens. Presented at the Fourth International Conference on 
Numerical Methods in Fracture Mechanics, March 23-27, 1987, San 
Antonio, Texas. 

Tech Briefs 

161. Raju, I. S. (Analytical Services and Materials, Inc.): Q3DG: A Computer Program 

for Strain-Energy Release Rate for Delamination Growth in Composite 
Laminates. NASA Tech Brief LAR-13698. 

APPLIED MATERIALS BRANCH 


Formal Reports 

162. Dries, G. A.; and Tompkins, S. S.: Effects of Thermal Cycling on Graphite-Fiber- 

Reinforced 6061 Aluminum. NASA TP-2612, October 1986. 

163. Dries, G. A.; and Tompkins, S. S.: Effects of Thermal Cycling on Thermal 

Expansion and Mechanical Properties of Several Graphite-Reinforced 
Aluminum Metal-Matrix Composites. NASA TP-2701, July 1987. 

164. Long, E. R., Jr.; and Long, S. A. T.: Spectroscopic Comparison of Effects of 

Electron Radiation on Mechanical Properties of Two Polyimides. NASA 
TP-2663, April 1987. 

165. Maahs, H. G.; Ransone, P. O.; and Yamaki, Y. R.: Evolution of Microstructure, 

Pore Size, and Interlaminar Strength of ACC-Type Carbon-Carbon With 
Successive Densification. NASA TP-2754, September 1987. 

166. Ohlhorst, C. W.; and Ransone, P. O.: Effects of Thermal Cycling on Thermal 

Expansion and Interlaminar Mechanical Properties of Advanced Carbon- 
Carbon Composites. NASA TP-2734, August 1987. 

Quick-Release Technical Memorandums 

167. Dexter, H. B.: Long-Term Environmental Effects and Flight Service Evaluation of 

Composite Materials. NASA TM-89067, January 1987. 

168. Farley, G. L.: A Method of Predicting the Energy-Absorption Capability of 

Composite Subfloor Beams. NASA TM-89088, AVSCOM TM 87-B-4, 
March 1987. 
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169. Farley, G. L.: Energy-Absorption Capability and Scalability of Square Cross 

Section Composite Tube Specimens. NASA TM-89087, AVSCOM TM 
87-B-3, March 1987. 

170. Farley, G. L.: The Effects of Crushing Speed on the Energy-Absorption 

Capability of Composite Material. NASA TM-89122, AVSCOM TR87-B-1, 
March 1987. 

171. Witte, W. G.: Baseline Tensile Tests of Composite Materials for LDEF Exposure. 

NASA TM-89069, March 1987. 

Contractor Reports 

172. Clarke, W. A.; Eitman. D. A.; Ketterer, M. E.; and Wesley, J. L.: Inhibited 

Filament, Oxidation-Resistant Carbon-Carbon Composites. (NASI -17957 
Science Applications International Corporation) NASA CR-178177, June 
1986 (Released 1987). 

173. Coggeshall, R. L.: 737 Graphite Composite Flight Spoiler Flight Service 

Evaluation. (NASI -11668 Boeing Commercial Airplane Company) NASA 
CR-1 78322, August 1987. 

174. Dow, N. F.; Ramnath, V.; and Rosen, B. W.: Analysis of Woven Fabrics for 

Reinforced Composite Materials. (NASI -17205 Materials Sciences 
Corporation) NASA CR-1 78275, August 1987. 

175. Kerr, J. R.; and Haskins, J. F.: Time-Temperature-Stress Capabilities of 

Composite Materials for Advanced Supersonic Technology Application. 
(NASI -12308 General Dynamics Corporation) NASA CR-1 78272, May 
1987. 

1 76. Stone, R. H.: Flight Service Evaluation of Advanced Composite Ailerons on the 

L-1011 Transport Aircraft - Fifth Annual Flight Report. (NA\S1-15069 
Lockheed-California Company) NASA CR-1 78321 , June 1987. 

Journal Articles and Other Publications 

177. Bowles, D. E.; Tompkins, S. S.; and Sykes, G. F., Jr.: Electron Radiation Effects 

on the Thermal Expansion of Graphite Resin Composites. Journal of 
Spacecraft and Rockets . Volume 23, No. 6, November - December 1986, 
p. 625-629. 

178. Bowles, D. E.; and Tenney, D. R.: Composite Tubes for the Space Station Truss 

Structure. SAMPE Journal . Volume 23, No. 3, May/June 1987, p. 49-57. 
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179. Funk, J. G.; and Sykes, G. F., Jr.: The Effects of Radiation on the Interlaminar 

Fracture Toughness of a Graphite/Epoxy Composite. Journal of Composites 
Technology and Research . Volume 8, No. 3, Fall 1986, p. 92-97. 

180. Hyer, M. W.; Cooper, D. E.; Cohen, D.; and Tompkins, S. S.: Temperature and 

Deflection Data From the Asymmetric Heating of Cross-Ply Composite 
Tubes. Journal of Composites Technology and Research . Volume 9, No. 1, 
Spring 1987, p. 14-20. 

181. Long, S. A. T.; Long, E. R., Jr.; Ries, H. R.; and Harries, W. L.: Electron-Radiation 

Effects on the AC and DC Electrical Properties and Unpaired Electron 
Densities of Three Aerospace Polymers. IEEE Transactions on Nuclear 
Science . Volume NS-33, No. 6, December 1986, p. 1390-1395. 

182. Prasad, C. B.; Prabhakaran, R.; and Tompkins, S. S.: Determination of 

Calibration Constants for the Hole-Drilling Residual Stress Measurement 
Technique Applied to Orthotropic Composites - Part I: Theoretical 

Considerations. Composite Structures . Volume 8, No. 2, 1987, p. 105-1 1 8. 

183. Tompkins, S. S.: Thermal Expansion of Selected Graphite-Reinforced 

Polyimide-, Epoxy-, and Glass-Matrix Composites. International Journal of 
Thermophvsics . Volume 8, No. 1, January 1987, p. 119-132. 

Meeting Presentations 

184. Baker, D. J.: Evaluation of Composite Components on the Bell 206L and 

Sikorsky S-76 Helicopters. Presented at the 1986 SAE Aerospace 
Technology Conference & Exposition, October 13-16, 1986, Long Beach, 
California. SAE Paper No. 86-1671. 

185. Bowles, D. E.; and Tenney, D. R.: Composite Tubes for the Space Station Truss 

Structure. Presented at the 18th National SAMPE Technical Conference, 
October 7-9, 1986, Seattle, Washington. In Proceedings, Volume 18, 
p. 414-428. 

186. Bradbury, C. A.; Harries, W. L.; Long, E. R., Jr.; and Long, S. A. T.: Improvement 

of ATR IR Spectroscopy for Use With Solid Samples. Presented at the 1986 
Annual Meeting of the Southeastern Section of the American Physical 
Society, November 20-22, 1986, Williamsburg, Virginia. Abstract 

published in APS Bulletin, Volume 31, No. 10, November 1986, p. 1771. 

187. Deaton, J. W.: Residual Strength of Repaired Graphite/Epoxy Laminates After 3 

Years of Outdoor Exposure. Presented at the Second DOD/NASA 
Composites Repair Technology Workshop, November 3-6, 1986, San 
Diego, California. Proceedings pending. 
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Diego, California. Proceedings pending. 

188. Dries, G. A.; and Tompkins, S. S.: Thermal Expansion and Mechanical 

Properties of Continuous Graphite Fiber Reinforced Aluminum Metal-Matrix 
Composite. Presented at the 18th National SAMPE Technical Conference, 
October 7-9, 1986, Seattle, Washington. In Proceedings, p. 56-71. 

189. Farley, G. L.: A Method of Predicting the Energy-Absorption Capability of 

Composite Subfloor Beams. Presented at the AIAA/ASME, et al., 28th 
Structures, Structural Dynamics and Materials Conference, April 6-8, 1987, 
Monterey, California. AIAA Paper No. 87-0800-CP. 

190. Farley, G. L.: Energy Absorption in Composite Materials for Crashworthy 

Structures. Presented at the Sixth International Conference on Composite 
Materials (ICCM), July 20-24, 1987, London, England. In Proceedings, 
Volume 3, p. 357-366. 

191. Farley, G. L.: Energy Absorption of Composite Material and Structure. 
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on Graphite/Polyetherimide Composites. Presented at the 1986 Meeting of 
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Maryland. Paper No. 122. In NASP CP-2015. 
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Florida. In NASA CP-2482, p. 253-266. 
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EPR, IR, and Tg Analyses of Electron-Irradiated Polyethylene Terephthalate. 
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Physical Society, November 20-22, 1986, Williamsburg, Virginia. Abstract 
published in APS Bulletin, Volume 31, No. 10, November 1986, p. 1770. 
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1986, Seattle, Washington. In Proceedings, Volume 18, p. 520-534. 
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Technical Talks 


204. Bradbury, C. A.; Harries, W. L.; Long, S. A. T.; and Long, E. R., Jr.: Damage 

Effects of Threshold Doses of Electron Radiation on PEI, PEEI, PET, and 
PC. Presented at the 1987 Annual Meeting of the Division of Atomic, 
Molecular, and Optical Physics of the American Physical Society, May 18- 
20, 1987, Cambridge, Massachusetts. 

205. Dexter, H. B.: Aircraft Materials and Structures Technology. Presented at the 

SAE General Aviation Aircraft Meeting and Exposition, April 28 - May 1, 
1987, Wichita, Kansas. 

206. Dexter, H. B.: Development of Advanced Structural Materials - Present and 

Future. Presented at the Purdue University Short Course on Engine- 
Airframe Integration, July 27-31, 1987, West Lafayette, Indiana. 

207. Dexter, H. B.: Overview of Materials and Structures Technology. Presented at 

the 1987 NASA/Army Rotorcraft Technology Conference, March 17-19, 
1987, Moffett Field, California. 

208. Long, S. A. T.; Long, E. R., Jr.; Gray, S. L.; and Collins, W. D.: Total Dose and 

Dose Rate Effects in Electron-Irradiated Polyetherimide. Presented at the 
American Physical Society 1987 Meeting of the Division of High Polymer 
Physics, March 16-20, 1987, New York, New York. 

209. Maahs, H. G.; and Sawyer, J. W.: Research Needs for Carbon-Carbon 

Composites - NASA-LaRC Perspective. Presented at the Office of Naval 
Research Review/Workshop on Carbon-Carbon Composites, March 18-19, 
1987, Arlington, Virginia. 

210. Maahs, H. G.; and Yamaki, Y.R.: Effect of Fiber Surface Treatment Level on 

Interlaminar Strengths of Carbon-Carbon Composites. Presented at the 
Interagency Planning Group Meeting on Reinforcement-Matrix Interactions 
in Carbon-Carbon, July 16-17, 1987, Arlington, Virginia. 

211. Ries, H. R.; Long, S. A. T.; Long, E. R., Jr., and Harries, W. L.: EPR and DC 
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212. Stein, B. A.: Space Station Materials Technology. Presented at the Space 
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213. Stroud, C. W.: Environmental Simulator Facility Applied to Oxidative Testing of 

Carbon-Carbon Composites. Presented at the High Temperature Testing of 
Materials Meeting, November 12-13, 1986, Alexandria, Virginia. 

Tech Briefs 

214. Farley, G. L.: Crash Energy Absorbing Composite Sub-Floor Structure. NASA 

Tech Brief LAR-13697. 

215. Farley, G. L.; Mantay, W. R.; and Starnes, J. H., Jr.: Structurally Tailorable, 

Nonlinear, Snap-Through Spring. NASA Tech Brief LAR-13729. 


Patents 

216. Tompkins, S. S.; and Dries, G. A.: Method of Thermal Strain Hysteresis 
Reduction in Metal Matrix Composites. U.S. Patent 4,662,955. Issued 
May 5, 1 987. 


Metallic Materials Branch 


Formal Reports 

217. Blackburn, L. B.: Effect of LID Processing on the Micro structure and Mechanical 

Properties of Ti-6AI-2Sn-4Zr-2Mo Titanium Foil-Gauge Materials. NASA 
TP-2677, April 1987, 

218. Ossa, W. A.; and Royster, D. M.: Material Characterization of Superplastically 

Formed Titanium (Ti-6AI-2Sn-4Zr-2Mo) Sheet. NASA TP-2674, May 1987. 

Contractor Reports 

219. Fischler, J. E.: Studies of the Benefits of Metal Matrix Composites for Advanced 

Supersonic Cruise Vehicles. (NASI -161 47 McDonnell Douglas 
Corporation) NASA CR-1 78325, July 1987. 

220. Ray, R.; and Jha, S. C.: Advanced Powder Metallurgy Aluminum Alloys Via 

Rapid Solidification Technology - Phase II. (NASI -18001 Marko Materials, 
Inc.) NASA CR-1 78356, April 1987. 

221. Sankaran, K. K.: Consolidation Process ng Parameters and Alternative 

Processing Methods for Powder Metallurgy Al-Cu-Mg-X-X Alloys. (NAS1- 
16967 McDonnell Douglas Astronautics Company) NASA CR-1 78227, 
February 1987. 
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222. Clark, R. K.; Cunnington, G. R., Jr.; and Robinson, J. C.: Vapor-Deposited 

Emittance-Catalysis Coatings for Superalloys in Heat-Shield Applications. 
Journal of Thermophvsics and Heat Transfer . Volume 1, No. 1, January 
1987, p. 28-34. 

223. Unnam, J.; Shenoy, R. N.; and Clark, R. K.: Oxidation of Commercial Purity 

Titanium. Oxidation of Metals. Volume 26, Nos. 3/4, October 1986, 
p. 231-252. 

224. Wagner, J. A.: Mechanical Behavior of 18 Ni 200 Grade Maraging Steel at 

Cryogenic Temperatures. Journal of Aircraft . Volume 23, No. 10, October 
1986, p. 744-749. 

225. Weidemann, K. E.; Unnam, J.; and Clark, R. K.: Computer Program for 

Deconvoluting Powder Diffraction Spectra. Journal of Powder Diffraction . 
Volume 2, No. 3, September 1987, p. 137-145. 

226. Weidemann, K. E.; Unnam, J.; and Clark, R. K.: Deconvolution of Powder 

Diffraction Spectra. Journal of Powder Diffraction . Volume 2, No. 3, 
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Meeting Presentations 

227. Royster, D. M.; Bales, T. T.; and Davis, R. C.: Superplastic Forming/Weld-Brazing 

of Ti-6AI-4V Panels for Enhanced Structural Efficiency. Presented at the 
First International SAMPE Metals and Metals Processing Conference, 
August 18-20, 1987, Cherry Hill, New Jersey. Proceedings pending. 

Technical Talks 

228. Blackburn, L. B. B.; Cassada, W.; Colvin, G.; and Starke, E. A., Jr.: The Effect of 

Processing on the Microstructure, Strength, and Fracture Behavior of 
Aluminum-Lithium Alloys. Presented at the ASM Aluminum-Lithium 
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229. Domack, M. S.: Stress Corrosion Evaluation of Powder Metallurgy Aluminum 

Alloy 7091 With the Breaking Load Test Method. Presented at the Air Force 
Wright Aeronautical Laboratories Material Laboratory Tri-Service Corrosion 
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Tech Briefs 


230. Unnam, J. (Analytical Services and Materials, Inc.); and Clark, R. K.: Oxygen 
Barrier Coating for Titanium. NASA Tech Brief LAR-13474. 


Patents 

231. Unnam, J.; Clark, R. K.: Oxygen Diffusion Barrier Coating. U.S. Patent 
4,681,818. Issued July 21, 1987. 

FY 88 PLANS 

Polymeric Materials Branch 

Major research thrusts for FY 88 in the Polymeric Materials Branch are in the 
areas of resin-matrix composite studies and high performance polymers. Plans for this 
research are outlined in figure 43. Plans include the synthesis and characterization of 
neat resins and their composites and the study of prepregging and processing of new 
matrices into composite materials. Also, the preparation of a series of new semi- 
crystalline imide copolymers having properties equivalent to or superior to the best 
available polyimide is planned. This research will be conducted under the following 
two RTR's: 


RTR 505-63-01-01 Resin-Matrix Composite Studies 


Objective: 

Develop and evaluate new damage tolerant, durable high performance 
composites for advanced structural applications. 

Approach: 

Synthesize, characterize and evaluate new/improved moderate and high 
temperature thermoplastics, semi-crystalline polymers and hybrid thermoplastic/ 
thermosets and their carbon fiber composites. Study prepregging and 
processing of new matrices into composite materials, including development of 
new processes and processing equipment. Conduct initial evaluation of new 
composites, including thermal, thermomechanical, and fracture toughness 
studies. Support micromechanical analysis program by providing appropriate 
composites and characterization studies. 

Milestones: 

» Complete synthesis and characterization of thermally stable core shell rubbers 
and determine their efficacy as toughening agents for high temperature 
polymers - March 1988. 

* Prepare large quantity (up to 20 lbs.) of the most promising experimental 
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advanced resin - May 1988. 

• Determine thermal, thermomechanical and fracture toughness properties of the 
most promising experimental advanced composite matrix material - July 1988. 

• Complete Phase II modification of Murdock prepregging machine; 
demonstrate machine capability with research thermoplastic - August 1988. 

• Determine feasibility of powder electrodeposition coating of carbon fiber as a 
viable prepregging technique * September 1988. 

RTR 506-43-11-01 High Performance Polymers 


Objective: 

Develop high performance polymers as adhesives, composite matrices, and 

films for use in high temperature environments. 

Approach: 

Synthesize new polymers with an attractive combination of properties and 

evaluate as high temperature adhesives, composite matrices and films. 

Milestones: 

• Evaluate composite properties of a more processable polyimide sulfone 
containing a low molecular weight non-reactive imide - January 1988. 

• Synthesize new polyimides from isomeric oxydiphthalic dianhydrides - 
February 1988. 

• Improve the processability of a semi-crystalline polyimide ( LARC-CPI) and 
evaluate as an adhesive and composite matrix - April 1988. 

• Obtain composite properties on blends of acetylene imidothioethers and 
acetylene terminated polysulfones - May 1988. 

» Optimize molecular weight and processing characteristics of LARC-TPI for 
sandwich structure - June 1988. 

• Prepare a series of new semi-crystalline imide copolymers. having a favorable 
combination of properties - July 1988. 

» Complete crystallographic study on crystalline polyimides - August 1988. 

• Develop understanding of crosslink density/morphology/toughness relation- 
ship in high temperature thermosets - September 1988. 
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Fatigue and Fracture Branch 

Composites research in the Fatigue and Fracture Branch for FY 88 will focus on 
micromechanics and multidirectional materials. The emphasis in metals research will 
be on advanced Al alloys and metal-matrix composites. Plans for this research are 
outlined in figure 44. The research will be carried out under the following three RTR's: 

RTR 505-63-01-05 Fatigue and Fracture - Composites and Metals 

Objective: 

Develop micromechanical models to predict composite delamination toughness 
for guidance in the development of second-generation composites. Develop 
analysis methods to predict cyclic load endurance of aerostructural materials. 

Approach: 

Develop testing methods and elasto-plastic 3-D analyses to identify 
determination failure modes in matrix materials. For metallic structures similar 
analyses are developed to describe growth for small cracks. 

Milestones: 

• Complete microfracture analyses of delamination in mode I, mode II, and 
combined modes - February 1988. 

• Fully integrate the 2-D Boundary Force Method for computing stress intensity 
factors into the fracture control analysis computer program (FLAGRO) - June 
1988. 

• Complete mode I cyclic delamination tests with PEEK laminate - July 1988. 

• Complete AGARD small-cracks supplemental program on steel, Al-Li, and Ti 
alloys - September 1988. 

• Complete testing of American and Chinese aluminum alloys in NASA/CAE 
small-cracks program - September 1988. 

RTR 506-43-11-04 Damage Tolerance of Composites 


Objective: 

To develop unified rational methodologies for the analysis and prevention of 
cracking damage in composites. 

Approach: 

Development of data and new analytical models based on fracture mechanics 
will make both tension and compression failures more tractable in composites. 
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Milestones: 

• Evaluate viscoelasticity effects on compression failure of notched laminates - 
February 1988. 

• Complete combined analytical and experimental study of instability delami- 
nation - March 1988. 

• Evaluate existing elasticity solutions for predicting impact damage depth in 
thick laminates - August 1988. 

RTR 506-43-71-03 Fatigue and Fracture - High Temperature Materials 

Objective: 

Develop analytical models to predict fatigue and fracture of high-temperature 
aerostructural materials. 

Approach: 

Develop testing methods, elastoplastic micromechanics stress analyses, and 
failure criteria for high-temperature composites. Incorporate the failure criteria 
into stress analyses to develop fracture micromechanics models for fatigue and 
fracture. 

Milestones: 

• Order apparatus to upgrade test machines for high-temperature testing - 
November 1987. 

• Begin fatigue and fracture testing of MMC materials - April 1988. 

Applied Materials Branch 

Research emphasis in the Applied Marerials Branch for FY 88 will be in the 
areas of carbon-carbon composites, low expansion resins for precision reflectors, and 
multidirectional, multilayered textile forms. Plans for this research are outlined in 
figure 45. This research will be carried out under the following five RTR's: 

RTR 505-63-01-06 Composites for Rotorcraft/Aircraft Structures 

Objective: 

Develop the technology for the application of advanced composite materials and 
innovative design concepts in rotorcraft and aircraft structures in order to improve 
performance, efficiency, damage tolerance, environmental durability, and energy 
absorption capability compared to metal structures. 


Approach: 

In-house, contractual, and grant studies will be conducted to develop innovative 
material forms, and processing science concepts for lightweight composite 
structure applications. Residual properties after environmental exposures and 
degradation mechanisms will be determined. Included will be studies on 
fabrication of near net-shape structural forms using automated textile processes 
such as weaving, braiding, knitting, and stitching. Composite structural elements 
fabricated by resin transfer molding and pultrusion processes will be evaluated. 
Improvements in through-the-thickness properties and damage tolerance will be 
studied. 

Milestones: 

• Complete mechanical property characterization of triaxial fabric - November 
1987. 

• Complete specimen fabrication for investigation of through-the-thickness 
stitching and resin transfer molding - December 1987. 

• Conduct 1/4 lifetime fatigue tests on repaired graphite/epoxy components after 
4 years of outdoor sustained-load exposure at NASA Langley - December 
1987. 

• Award contract to hot-filament wind thermoplastic composite materials - 
December 1987. 

• Characterize thermoplastic panels fabricated with co-mingled thermoplastic 
woven fabric, thermoplastic films, and thermoplastic prepreg tape - December 

1987. 

• Demonstrate the capability of in-process ultrasonics to measure voids in 
composites fabricated in autoclave and pultruder - March 1988. 

• Award 4 year task assignment contract to fabricate and inspect composite 
materials for in-house evaluation - March 1988. 

• Complete 1 year of flight service of DC-10 graphite/epoxy vertical stabilizer - 
March 1988. 

• Establish and initiate use of pultrusion methodology for fabrication of 
thermoplastic resin composites - March 1988. 

• Complete 15 years of flight service of B-737 graphite/epoxy spoilers - June 

1988. 
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• Demonstrate the capability to weave composite preforms with multilayer bias 
plies - June 1988. 

• Evaluate the effects of included angle on the energy absorption capability of 
composite tubes and beams - June 1988. 

• Complete evaluation of cruciform in-plane shear test specimen - June 1988. 

• Establish baseline property data for pultruded composites and refine the 
fabrication process - September 1988. 

• Develop process model for resin infiltration of woven fabrics - September 
1988. 

• Demonstrate dielectric process monitor for optimization of resin infiltration into 
woven fabrics - September 1 988. 

RTR 506-43-21-04 Composite Materials for Spacecraft Applications 

Objective: 

Develop new composite materials and protective/thermal control coatings for 
enhanced environmental and thermal-mechanical durability in long-life space 
structures. 

Approach: 

Advanced polymeric-, metallic-, and ceramic-matrix, fiber-reinforced composites 
will be developed and evaluated for long-term use in spacecraft structures. 
Evaluation will include thermal cycling, UV and atomic oxygen to simulate the 
GEO environment. Advanced laser interferometry will be used to determine 
dimensional stability. Thin metallic and oxide protective coatings will be 
evaluated on flat and tubular surfaces. The optical, chemical, and mechanical 
property degradation will be characterized and analytically modeled. Shuttle 
experiments will be used to verify models and laboratory simulations. 

Milestones: 

• Develop aluminum foil anodizing process for producing tailorable optical 
coatings for composite tubes - March 1988. 

• Determine effects of long-term thermal cycling on the adherence and optical 
properties of anodized aluminum coatings on graphite/epoxy composite tubes 
- June 1988. 

• Determine threshold doses of electron radiation for adverse effects on 
thermoplastic polymer films - June 1988. 
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RTR 506-43-71-02 Carbon-Carbon Composites 


Objective: 

Develop high-strength, minimum gauge, oxidation-protected carbon-carbon 
materials for hot structure and TPS applications in advanced space 
transportation vehicles and hypersonic aircraft. 

Approach: 

Advanced processing methods, alternate precursor materials, fiber surface 
modifications, and alternate reinforcement concepts will be developed to 
improve substrate mechanical properties. Matrix and fiber oxidation inhibitors, 
sealants, and advanced coatings will be developed to improve oxidation 
resistance. Environmental testing will be performed in simulated mission 
dynamic environments and in multiparameter (temperature, pressure, load) 
facilities. 

Milestones: 

• Key processing parameters for phenolic-based carbon-carbon composites 
defined for simplified processing and improved interlaminar strengths - 
September 1988. 

• Through-the-thickness reinforcement concepts evaluated for thin-guage 
carbon-carbon composites - September 1988. 

RTR 585-02-21-01 Advanced Materials for Precision Segmented 

Reflectors 


Objective: 

Develop advanced composite materials and coatings that are durable and have 
stable thermal and mechanical properties in the space service environment of 
precision segmented reflector spacecraft. 

Approach: 

New, novel low expansion polymer resins will be developed and used to 
fabricate composites. Advanced, highly stable graphite/glass laminates using 
low temperature fabrication methods will be developed. Material constitutive 
equations and analytical models will be developed to correlate/predict 
environmental effects on thermal and mechanical properties of the advanced 
composites. These models will aid in directing the materials development 
activities. The surface distortion of composite laminates/panels will be measured 
and modeled. 

Milestones: 

• Establish contract task to develop low temperature Gr/Glass composites - 
March 1988. 
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• Develop capability to measure reflector panel distortions using laser 
holography - September 1988. 

RTR 763-01-41-17 Coatings for Carbon-Carbon Composites 

Objective: 

Develop oxidatively protected carbon-carbon material concepts to meet specific 
airframe and control surface requirements in support of Aero-space Plane. 

Approach: 

Evaluate in simulated NASP environments various promising oxidation- 
protection systems which were developed for propulsion applications. Build on 
these results, tailoring a new oxidation-protection system (in-depth oxidation 
protection, sealants, coatings) to meet specific NASP mission requirements. 

Milestones: 

• Preliminary evaluation tests completed on samples of oxidatively protected c-c 
in multiparameter environmental simulator - March 1988. 

• Initiate multiparameter environmental simulation evaluations of candidate test 
materials - June 1988. 

• Initiate dynamic environment (arc jet) testing of candidate test materials - 
June 1988. 

Metallic Materials Branch 

Research in the Metallic Materials Branch for FY 88 will focus on advanced 
aluminum alloy technology for cryogenic tank applications, innovative metals 
processing and joining, and high temperature titanium aluminides and advanced 
metal-matrix composites for hypersonic vehicles. Plans for this research are outlined 
in figure 46. This research will be carried out under the following five RTR's: 

RTR 505-63-01-02 Advanced Structural Metallics for Service to 1000°F 

Objective: 

Develop a fundamental understanding of the metallurgical structure/mechanical 
property interactions resulting from powder processing, consolidation, and 
subsequent thermomechanical processing of intermediate and high temperature 
aluminum alloys prepared by advanced ingot and powder metallurgy 
techniques. Demonstrate the property and durability advantages of advanced 
aluminum alloys for aerospace structures. Develop advanced inorganic 
composite materials for aerospace structural applications. 
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Approach: 

Prepare new aluminum alloy compositions of laboratory quantities by advanced 
I/M and P/M techniques. Develop and evaluate promising composite materials 
systems with light alloy metallic matrices and correlate microstructura!/ 
mechanical property relationships. Identify metallurgical characteristics 
controlling specific properties through laboratory analysis and development of 
optimized processing techniques to obtain tailored properties. 

Milestones: 

• Complete metallurgical characterization and initial consolidation of Al-Mn-Ca- 
Si alloy for high temperature applications - October 1987. 

• Complete results of developed PM Al-Cu-Mg-Zr alloy in unreinforced and 
particulate reinforced product form - January 1988. 

• Determine corrosion fatigue and stress corrosion cracking behavior of 
advanced aluminum alloys and light alloy matrix composites - March 1988. 

• Produce PM aluminum alloy powders for high temperature applications using 
the LaRC gas atomization facility - April 1988. 

• Fabricate, test, and evaluate SPF Al curved cap beaded web compression 
panels - May 1988. 

• Develop processing to produce sheet material from aluminum alloy powder 
with Mn, Ca, and Si additions for high temperature applications - June 1988. 

• Optimize chemistry and processing for enhanced superplasticity in advanced 
aluminum alloys * September 1988. 

RTR 505-63-01-03 Innovative Metals Processing for Airframe Structures 

Objective: 

Develop improved aluminum alloys and innovative processing methods for 
fabricating lightweight aerospace vehicle structures. Develop advanced 
processing techniques for lightweight Al-Li and high temperature aluminum 
alloys and evacuated titanium honeycomb-core sandwich concepts. 

Approach: 

Combined in-house and contractual studies to define the potential of advanced 
aluminum alloys for airframe structural applications. Modify the composition of Al- 
Li alloys for enhanced superplasticity, weldability and post fabrication heat 
treatment. Explore the use of high temperature aluminum alloys and develop 
improved brazing and joining processes for fabricating evacuated titanium 


39 



honeycomb-core sandwich structure. Characterize material properties and 
design, fabricate and test structural elements. 

Milestones: 

• Characterize weldable Al-Li alloys - December 1987. 

• Explore the use of high temperature aluminum alloys and joining technologies 
for airframe and tank applications - July 1988. 

• Superplastically form small stiffened Al-Li structural segments - August 1988. 

• Screen joining processes for fabricating coupon size evacuated titanium 
honeycomb-core sandwich concepts - September 1988. 

• Determine the SPF characteristics of AI-Cu-Li-Zr-ln alloy for aerospace 
structural applications - September 1988. 

RTR 506-43-71-01 Metallics for High Temperature Airframe Structures 

Objective: 

Develop new high temperature metallics, processing and joining techniques, 
and coatings for environmental protection for use at temperatures from 500°F to 
2000°F including in-situ and continuously reinforced advanced metal matrix 
composites and light alloy intermetallics. 

Approach: 

Combined in-house and contract research studies to develop and characterize 
advanced metallic systems produced by deposition techniques, rapid solidifica- 
tion rate technology and conventional high temperature processing. Establish 
suitable joining processes for very thin gage, lightly loaded structure. Demon- 
strate technology readiness through design, fabrication, testing, and evaluation 
of structural sub-components. 

Milestones: 

• Initiate study of dispersion strengthening mechanisms in in-situ reinforced 
aluminum alloys for >600°F applications - October 1987. 

• Complete preliminary evaluation of titanium intermetallics and coating systems 
in hypersonic air environments - December 1987. 

• Assess potential of oxide dispersion strengthened Ti-Mo alloys for high 
temperature applications - February 1988. 

• Complete preliminary evaluation of the potential for designing nonequilibrium 
phases to improve high temperature properties and stability of RSR 
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intermetallics - April 1988. 

• Determine high temperature properties of foil gage, ingot metallurgy titanium 
aluminide materials - June 1988. 

• Evaluate very thin gage metallic substrates produced by deposition techniques 
- September 1988. 

RTR 763-01-41-11 Advanced Processing of Ti x AI Composites for NASP 

Objective: 

Develop advanced joining processes for fabricating TixAI metal-matrix 
composite, RSR titanium honeycomb-core sandwich structure and develop an 
analytical model for predicting composite properties. 

Approach: 

Conduct in-house studies using available titanium based ingot metallurgy (IM) 
model materials to develop joining processes suitable for fabricating TixAI 
composite sandwich structure. Screen candidate processes including brazing, 
liquid interface diffusion bonding, and diffusion bonding based on both 
metallurgical studies and mechanical property tests. Evaluate alternate LID 
material compositions to improve elevated temperature properties of IM TteAl- 
Ti 3 AI joints. Develop an analytical model for predicting fatigue behavior and 
verify experimentally. Fabricate, test and evaluate small sandwich specimens 
and structural sub-elements using TteAl composites as they become available. 

Milestones: 

• Determine the elevated temperature properties of LID bonded IM Ti 3 AI-Ti 3 AI 
coupon joints - October 1987. 

• Determine the RT face-face tension properties of LID bonded IM Ti 3 AI face 
sheet titanium honeycomb-core sandwich specimens - December 1987. 

• Develop LID compositions for improved elevated properties of LID bonded 
joints - June 1988. 

• Demonstrate the use of melt overflow process for casting RSR titanium foil - 
August 1988. 

• Develop and evaluate an analytical model for fatigue of MMC - September 
1988. 
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RTR 763-01-41-14 Advanced Metal Matrix Composites 

Objective: 

Develop specific, high temperature metal matrix composites and associated 
fabrication technology for aero-space plane applications. 

Approach: 

Establish surface treatments and/or coating systems for selected ceramic and 
organic fibers for optimum fiber/matrix stability. Fabricate and test minimum 
gage composite panels to establish performance limits. Develop techniques for 
structural component fabrication. Define scale-up requirements for large panel 
manufacture. 

Milestones: 

* Unidirectional composites fabricated and evaluated - December 1987. 

• Multi-layer, cross-ply composite panels fabricated - June 1988. 

Concluding Remarks 

This document presents the FY 87 accomplishments, presentations and 
publications and the FY 88 research plans of the Materials Division. 


42 




a> 

V. 

3 

CD 

\Z 


43 











MATERIALS DIVISION 



e <- • ■ 

^ O U U 

o'ggss 

0 g u_ Ll- 

1 E 03 °s 

0-5 

CD 03 03 
^ T3 LL LL 


• • 


O "= 

cd lo 

© -2 
C/3 


C o 

CD 0 Cu 

EE? 

c o c 
O P o 
-b= E _Q 
> CD 
cr <— o3 


• • 


__ CD 

c E ■ 

5> cd 


C/3 

cd 

O 

03 C/3 
03 Q_ 

5| 

in O 


csi 

o> 

k. 

3 

O) 

LL 


gage metallics 










ORIGWAL PAGE IS 
OF POOR QUALITY 





MATERIALS DIVISION 



46 


Figure 4(a). 
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Figure 4(b). 
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Figure 6. 
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Figure 7(a). 
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Four NASA Patents 
' One NASA Patent 
‘Two NASA Patents 












PREPARATION OF AMIDE-IMIDE POLYMERS 
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Figure 8(a). 
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Figure 9(a). 


COMPARED DIFFRACTOGRAMS FOR DIFFERENT 
CRYSTAL FORMS OF LARC-TPI 
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Figure 10(a). 


LARC-TPI COMPOSITES VIA NEW SLURRY PROCESS 
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PRECEDING PAGE BLANK NOT FILMED 


Figure 11(a). 


APPARENT VISCOSITIES OF 422 COPOLYMIDE WITH ADDITIVES 



Figure 11(b). 
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Figure 11(c). 
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Figure 12. 




FATIGUE AND FRACTURE BRANCH 
FIVE YEAR PLAN 
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FATIGUE LIFE OF MATERIAL WITH A MACHINING SCRATCH 
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Figure 14(a). 





THREE-DIMENSIONAL ANALYSIS OF FATIGUE CRACK CLOSURE 
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Figure 15(a). 



3-D ANALYSIS OF FATIGUE CRACK CLOSURE BEHAVIOR 



Figure 15(b). 








FIBER-MATRIX SEPARATION IN SILICON CARBIDE/TITANIUM MATRIX COMPOSITES 
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Figure 16 (a). 
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DELAMINATION FATIGUE BEHAVIOR OF COMPOSITE MATERIALS 
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Figure 17(a). 


DELAMINATION FATIGUE BEHAVIOR 
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Figure 17(b). 


MATRIX YIELDING AT A DELAMINATION FRONT 
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Figure 18(a). 




YIELD ZONE AT DELAMINATION FRONT 



Figure 18 (c). 





YIELD ZONE AREA AND HEIGHT 



Adhesive thickness, t, mm 



INTERLAMINAR SHEAR FATIGUE THRESHOLDS FOR COMPOSITE MATERIALS 
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Figure 19(a). 


DELAMINATION-ONSET FATIGUE BEHAVIOR 
FOR INTERLAMINAR SHEAR 
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Figure 19(b). 


CALCULATION OF STRAIN-ENERGY RELEASE RATE DISTRIBUTION USING PLATE ANALYSIS 
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Figure 20(a). 


Distribution of Strain-Energy Release Rate 



Figure 20(b). 


BOUNDARY FORCE METHODS FOR ANALYZING CRACKED LAMINATES 
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Figure 21(a). 
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Figure 21(b). 
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Figure 22(a). 


STRAIN ENERGY RELEASE RATES FOR EDGE DELAMINATIONS 
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Figure 22(b). 
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Figure 23(a). 
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FINITE-ELEMENT ANALYSIS OF END-NOTCHED FLEXURE (ENF) SPECIMEN 
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Figure 24(a). 
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Figure 24(b). 
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finite-element-alternating method for crack analyses 

I S. Raju, S. N. Atluri, and J. C. Newman, Jr. 


o £ 

_ O '5 
TO TO > 

e b c 

5- B 

o -fi 'c 

co CO O 
TO o ° 

TO ~ c 

T3 *“ 

03 TO *D 

©8 § 8 
of 2 fi 

© © T3 ^ 

5 S o C 

>.■5 £ 8 

■■s S o " 
8 © E £ 

<D -2 

~ C c p 
C m C 
T C C 3 
TO — C Q 

w c ^ 25 
2 to o 
to .E to 2 

O o s g. 

c%2! 

2 -jE ® 

,t£ TO 1 JZ 

wo 

> *0 >s 

CO i= Q C/3 


T3 T3 > 0) v. - 
c c r £ ,o p 
to to to **“ u. to 
. - C w •£ 
G) Ol Q) O • W 

E o c; ®! 

i«siil 

B o> i © 

© © © .9 © ® 

J. > © CM 52 

c w x: So 

TO K c « .H? 

E -g E w £ 

I § e 8^ r 

® © O ©>B 
© 15 B £ B 00 
c .tt S c 5 

- a; r O°0 

5 TO ® O 00 • 

tz T TO *0 X) .X 
^ fr: TO CD C ^3 

•o S R 2 8 g 

-o 5 © r £ ^ 

® ®-o ° o « 

.E Q o TO o TO 
TO £ O TO ^ C 
S H O TO 3 g 

O . 2 O) 3 to 

c O O "S -i © 

•B 8 © 8 « © 

3 j) £ u) « aw 

fi-aio S u, ® 


5 ° $ 

TO O jc 


5o!» 


TO += *S TO o c- ^ O ^ 3 

8 2 ? =6 e f B£ ©>9 

-a -o S^ISJIS 

0 13 c m ^ O t ? c S “ 

O TO 45 TO .P C •— O Q 

■o -9 © o ” X 3 ^ ? o a 

o E £ -c >, © §> 3 o © j? 

£ ® a) o r o c T3 ^ c w 


g 5 to fc 

C -r C ° 

O) O c 5 
c c TO ^ 
•s O £ TO 

g? is 

t: -3 © tr 

IS2S 
2 2 £ I 

c == © ■£ 

f 8l^ 

«s«S 

. TO C C 

C TO X3 ^ 
S m TO TO 

— - 10 Q 

TO rE S -2 

g »" X> 

.2 .too 

TO TO _C 
C D 13 
TO = O £ 

.§ 8f E 

B .E E .1 

8 w m ts 


^ _T TO fc 
... 03 C 3 
£1 O o 3 

saps 
Si = TO C 
O TO *- O 


ci TO £ 


r O c T3 5 r w 

TO TO 03 O C C 

s iy ts s > -o -g 

£ 3 TO TO c & 5 ? 

. E w r E o TO 

w 8 9- c © w a> 

j= « I e r 5 ° 

w S3 ro ^ o S ® 

TO C 0) C gL 

£ o ■■= i c tl TO 

g b 5 ;| « f § 

o 8 © H •© H o 

SZ ■t? TO TO C Q_ __ 

TO - 9* *o g g E ^ 

© o c S 8 8 s 

b- r t c to ° 3 

? i: m fli (T 


« £ « g © 

g -E 

2. m J © g 

© .2 C3> o B 
® ~ c S £ 

.N C > 

» S g. « s 

^ C F .52 £ 

§ 8 831 

o ® © £ B 

®h£ r E 

S . w - = o 

£ © 3 g> r 

*0 g H to ’to 

§ 8 . s g 

u to to a> 

” Q C TO o 

1° 8 © i 

TO CD TO £ C 

»« wl_ 2 
*“ O . co 
^ to o "o 

o TO co O TO 

TO TO CO -C g 

:Un 

Uf ii 

“ t X £ s 

O i Ol « u 

° o © © © 

!2 n ,® ® o, 

||»Ss 

m §• 2? ■= © 
*S J c L 
.- © o .9 © 

© P © c Q- • 

C .5 w Q) C T3 

|oig«| 
« i 8 ° 9 I 

£ I ” •= I I 
® I i I 

I ©5 © 8f 

« £ 8 fi B d, 

9 -o e .>? = = 


•^-■«TOi«?r)d-T-i o*n v -'X3£: 

w - o O « i ® -Co © w ,s> 7= 

© © g S © 8 “£ (5 i C 2 

i-TEc«°© ® 3 2 c o o 

d>®52>°B© 3 E a ° ° | 

B c © > uj £ £ oi .. © ^ -^ £ 


Z © 5 § ^ z .© 

iO-^ U 3^ ® 

- n o 2 S 2 E 

m i. J3 - r - 

K ^ * £ 2 ^ g> 

.. -S o > I J 1 
1 1 g © B « E 
I ! i 5 I E 8 

m ©? § § « 


•£ O TO ‘to .O)-. 
TO r* ■*-— I vt_ m 

^ P CD C c 

I E D. o 8 § 

2 il § 

9 _ c ro © o 

o ^ 'C © B ° 

8 -d g 2 © B 

S I|| ?f 


B® 

H BlI 


TO > TO ^ 

| I?S 

9- o © 


© © ^ © 
5 5 *“ ra 


E g| 


O) ®> © B 
n.£ ££ 
w © £ B 


0®oSc«n 

o 5 — 3 £3 © 

a 9 © © © © ® 

<1 8 « E c5 £ S 


8 g £ P 'n B 

c o © B -s © 

© ■£ E © c 

«2;e§o) 

3 C TO w» .E 

C B 5 1 © 2 © 

wl o © £ © E 


preceding page blank not filmed 


89 




Figure 25(b). 
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Figure 
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Figure 28(a). 



LONGITUDINAL ELASTIC MODULUS AS 
A FUNCTION OF PLY ORIENTATION 

Analysis of P75S/934 flat composite plate 
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Ply orientation, 0, deg 



LONGITUDINAL COEFFICIENT OF THERMAL 
EXPANSION AS A FUNCTION OF PLY ORIENTATION 

Analysis of P75S/934 flat composite plate 
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Figure 28(c). 



REFLECTANCE OF CHROMIC ACID ANODIZED 
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Figure 29(a). 
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SUMMARY OF MICRQDAMA6E IN COMPOSITE MATERIALS 

Microcrack density, crack s/cm 
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Figure 29(c). 







THERMALLY INDUCED TWIST IN COMPOSITE TUBES 
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Future Plans : Future research will investigate the stresses induced in the end fittings and joints by thermal twisting of the tubular 
element. 
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ECT OF COMPOSITE TUBE WALL CONFIGURATION ON 
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Figure 30(c). 
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Figure 31(a). 


THERMAL EXPANSION BEHAVIOR OF PI 00 Gr REINFORCED 
HIGH STRENGTH ALUMINUM COMPOSITES 
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Figure 31(b). 
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ENERGY ABSORBING BEAM CONCEPTS 
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Figure 32(b). 





ENERGY ABSORPTION CAPABILITY 
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Figure 32(c). 


COMPARISON OF COMPOSITE ENERGY ABSORBING 
BEAMS PREDICTION WITH EXPERIMENT 
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Figure 32(d). 
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USING FUNDAMENTAL SPECTROSCOPIC DATA TO EXPLAIN CHANGES IN APPLIED PROPERTIES 

OF IRRADIATED POLYMERS 
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^Mlurg Plgps : Similar studies on additional advanced polymers and studies on threshold and dose rate effects will be conducted. 



EFFECTS OF ELECTRON RADIATION 
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Figure 33(c). 
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PULTRUDED PANEL DIMENSIONS 
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(all dimensions in inches) 



PANEL STRUCTURE 
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Figure 34(c). 
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Figure 36. 
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Figure 37(a). 


MECHANICAL PROPERTIES OF 2124/SiC AND 
2124/B4C COMPOSITE EXTRUSIONS 
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Figure 37(b). 



MATERIAL PROPERTY VERIFICATION OF LaRC PROCESSED PM ALUMINUM ALLOYS 
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Figure 38(a). 


MECHANICAL PROPERTIES OF 
ALCOA AND LaRC CONSOLIDATED ALUMINUM 
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Figure 38(b). 



IMPROVED AGING CHARACTERISTICS BY MINOR ALLOYING ADDITIONS IN Al-Li ALLOYS 
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Figure 39(a). 
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ALLEVIATION OF CAVITATION IN SUPERPLASTICALLY FORMED 7475 ALUMINUM ALLOY 

USING POST-FORMING PRESSURE 
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Figure 40(a). 


EFFECT OF POST-FORMING PRESSURE ON 
CAVITATION OF 7475 ALUMINUM ALLOY 
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Post-forming pressure, psi 
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Figure 41(a). 
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Figure 41(b). 



LIQUID INTERFACE DIFFUSION BONDING OF TITANIUM ALUMINIDES 
SHOWS PROMISE FOR ELEVATED TEMPERATURE APPLICATIONS TO 1700°F 
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Figure 42(a). 


LID BONDED T^AI BUTT JOINT STRENGTH VS. TEMPERATURE 
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TEMPERATURE, 


POLYMERIC MATERIALS BRANCH 
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Figure 43. 
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Figure 45 . 
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Figure 46. 
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